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(54) IMAGE FORMING APPARATUS

(57)  Animage forming apparatus that forms images
on both surfaces of a sheet includes registration sensors
that detect the sheet conveyed by a conveyance roller
pair, a registration unit that controls an orientation of the
sheet, an in-line scanner unit that reads the sheet, an-
other conveyance roller pair that conveys the sheet
switched back by a reversing unit, to the conveyance
roller pair, and a controller that controls duplex printing.
When an image is formed on a second surface of the
sheet after an image is formed on a first surface of the
sheet, the controller controls the orientation of the sheet
on which animage is to be formed on the second surface,
based on an inclination of a leading and a trailing edge
of the sheet detected by the in-line scanner unit, and an
inclination of the leading edge of the sheet detected by
the registration sensors.
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Description
TECHNICAL FIELD

[0001] The present invention relates to print position
control for adjusting an image formation position of an
image to be formed on a sheet by an image forming ap-
paratus.

BACKGROUND
Description of the Related Art

[0002] There is known a technique for an image form-
ing apparatus that forms images on sheets controlling
conveyance positions of a sheet on which images are to
be formed to be target positions, to align the positions of
one image to be formed on the front surface of the sheet
and the other image to be formed on the rear surface of
the sheet. Animage forming apparatus discussed in Unit-
ed States Patent Application Publication No.
2009/0134569 sets one side (will be referred to as a ref-
erence side) of a sheet as a reference, and controls the
position of the sheet in a direction orthogonal to the con-
veyance direction in which the sheetis conveyed, in such
a manner that the reference side reaches a target posi-
tion.

[0003] On the other hand, sheets have cutting errors
in different manufacturing lots, producing differences in
shape of sheets. Furthermore, the shape of sheets varies
due to the environment (e.g., temperature and humidity)
where the sheets are stored. Thus, with a sheet whose
shape is different from an ideal rectangle, one reference
side of the sheet set to form animage on the front surface
and another reference side of the sheet set to form an
image on the rear surface are not parallel.

[0004] Theimageforming apparatus discussed in Unit-
ed States Patent Application Publication No.
2009/0134569 cannot accurately control relative posi-
tions of an image on the front surface and an image on
the rear surface due to the shape of the sheet. With one
reference side of a sheet set to form an image on the
front surface and another reference side of the sheet set
to form an image on the reverse surface not parallel, the
image on the front surface and the image on the rear
surface are not aligned.

SUMMARY OF THE INVENTION

[0005] According to a first aspect of the presentinven-
tion, there is provided an image forming apparatus as
specified in claims 1 to18. According to a second aspect
of the present invention, there is provided a method for
controlling the orientation of a sheet on which an image
is to be formed by an image forming apparatus as spec-
ified in claim 19. According to a third aspect of the inven-
tion there is provided a computer program as specified
in claim 20. According to a fourth aspect of the invention,
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there is provided a computer-readable data carrier as
specified in claim 21.

[0006] Furtherfeatures of the presentinvention will be-
come apparent from the following description of embod-
iments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1is a general configuration diagram of an inkjet
recording apparatus.

Fig. 2 is a schematic cross-sectional view of a print
module.

Fig. 3 is a perspective view of the principal part of a
print belt unit.

Fig. 4 is a perspective view of a registration unit and
its surrounding configuration.

Figs. 5A to 5E are schematic views of the principal
part of the registration unit.

Fig. 6 is a schematic diagram illustrating a case
where a front-rear surface deviation is generated.
Fig. 7 is a schematic diagram illustrating another
case where a front-rear surface deviation is gener-
ated.

Figs. 8Ato8C illustrate dataindicating measurement
results of deviation in perpendicularity and front-rear
surface deviation.

Fig. 9 is a schematic cross-sectional view of an in-
line scanner unit.

Fig. 10 is a control block diagram of the inkjet record-
ing apparatus.

Fig. 11 is a schematic diagram illustrating a method
of determining the target inclination for a sheet lead-
ing end.

Fig. 12 is a schematic diagram illustrating a method
of determining the target position in a width direction
of a sheet.

Fig. 13 is a flowchart illustrating an image forming
operation.

DESCRIPTION OF THE EMBODIMENTS
(Image Forming Apparatus)

[0008] Hereinafter, an inkjet recording apparatus ac-
cording to an embodiment of the present invention will
be described with reference to the drawings.

[0009] Fig. 1is a schematic diagram illustrating an ex-
ample of a schematic configuration of an inkjet recording
apparatus. This inkjet recording apparatus is a cut sheet
inkjet recording apparatus that forms ink images on
sheets S using two types of liquid, reaction liquid and ink
to manufacture recording products.

[0010] The inkjet recording apparatus according to the
present embodiment includes a sheet feeding module
1000, a print module 2000, a drying module 3000, a fixing
module 4000, a cooling module 5000, areversingmodule
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6000, and a sheet discharging and stacking module
7000. Cut sheets (hereinafter, will be referred to as the
sheets S) supplied from the sheet feeding module 1000
are conveyed along a conveyance path, subjected to
processing in modules, and discharged to the sheet dis-
charging and stacking module 7000.

[0011] The sheet feeding module 1000 includes three
storages 1100a to 1100c storing the sheets S arranged.
The storages 1 100a to 1 100c are drawable from the
apparatus front surface. The sheets S are fed one by one
from any of the storages 1 100a to 1 100c by the sepa-
ration belt and the conveyance roller, and conveyed to
the print module 2000. The number of the storages 1
100a to 1 100c is not limited to three, and can be one,
two, or four or more.

[0012] The print module 2000 includes a registration
unit 2100 (not shown in Fig. 1), a print belt unit 2200, and
a recording unit 2300. Each of the sheets S conveyed
from the sheet feeding module 1000 is conveyed to the
print belt unit 2200 after the inclination of the sheet S and
the position of the sheet S in a predetermined direction
(forexample, a width direction of the sheet S) intersecting
with the conveyance direction in which the sheet S is
conveyed are corrected by the registration unit2100. The
recording unit 2300 is arranged on the conveyance path
at a position facing the print belt unit 2200. The recording
unit 2300 functions as an image forming unit that forms
images on the conveyed sheets S. The recording unit
2300 forms images on the sheets S with ink ejected by
a recording head 10 (Fig. 2) from above onto the con-
veyed sheets S. Each of the sheets S is conveyed while
being sucked by the print belt unit 2200, ensuring the
clearance between the sheet S and the recording head
10 (Fig. 2).

[0013] A plurality of recording heads 10 (Fig. 2) are
arranged in the conveyance direction. In this example,
the print module 2000 includes five line-type recording
heads that consists of reaction liquid added to four colors,
yellow (Y), magenta (M), cyan (C), and black (Bk). Each
line-type recording head includes a plurality of ink ejec-
tion ports arranged in its longer side direction. The
number of colors and the number of recording heads 10
(Fig. 2) are not limited to five. Examples of an inkjet meth-
od that can be employed include a method with a heater
element, a method with a piezoelectric element, a meth-
od with an electrostatic element, or a method with a mi-
croelectromechanical system (MEMS) element. The ink
of each color is supplied from the ink tank (not illustrated)
to the recording head 10 (Fig. 2) via the ink tube. Each
of the sheets S on which an image is printed by the re-
cording unit 2300 is conveyed by the print belt unit 2200,
and read by an in-line scanner unit 1 (Fig. 2) arranged in
the conveyance direction downstream of the recording
unit 2300. Through detection of the position deviation
and the color density of the image formed on the sheet
S based on the image of the sheet S read by the in-line
scanner unit 1 (Fig. 2), the inkjet recording apparatus
according to the present embodiment can correct a sub-
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sequent image to be printed.

[0014] The drying module 3000 is a unit that includes
a decoupling unit 3200, a drying belt unit 3300, and a hot
air blowing unit 3400 to decrease the liquid component
contained in the ink on each of the sheets S applied by
the recording unit 2300 to enhance the fixability of the
sheet S and the ink. The hot air blowing unit 3400 of the
drying module 3000 functions as a drying unit that dries
an image on each of the sheets S. Each of the sheets S
on which an image is printed by the recording unit 2300
of the print module 2000 is conveyed to the decoupling
unit 3200 arranged in the drying module 3000. In the
decoupling unit 3200, the sheet S can be conveyed using
the pressure of air from above and the friction of a belt
while being held on the belt, preventing shift of each of
the sheets S on the belt. While each of the sheets S
conveyed from the decoupling unit 3200 is being sucked
and conveyed, the surface of the sheet S on which the
ink is applied is dried by hot air applied from the hot air
blowing unit 3400 arranged above the belt.

[0015] The fixing module 4000 includes a fixing belt
unit 4100 including an upper belt unit and a lower belt
unit. The fixing module 4000 moves the sheet S conveyed
from the drying module 3000 between the upper belt unit
and the lower belt unit to which heat is applied, fixing the
ink solvent to the sheet S. The fixing belt unit 4100 of the
fixing module 4000 functions as a fixing unit that fixes
images to the sheets S.

[0016] The cooling module 5000 includes a plurality of
cooling units 5001 to cool the high-temperature sheet S
conveyed from the fixing module 4000. The cooling units
5001 are each configured to cool the sheet S by taking
in external air into a cooling box using a fan to increase
the pressure in the cooling box, and exposing the sheet
S to air blown out of nozzles formed on a conveyance
guide. The cooling units 5001 are arranged on both sides
of the conveyance path, and can cool both surfaces of
the sheet S. The cooling units 5001 of the cooling module
5000 each function as a cooling unit that exposes the
sheet S to air to cool the sheet S. The cooling module
5000 also includes a conveyance path switching unit.
The conveyance path of the sheet S can be switched
between the conveyance path used to convey the sheet
S to the reversing module 6000, and the conveyance
path used to a duplex conveyance path used in duplex
printing. In the duplex printing, the sheet S is conveyed
to a lower conveyance path in the cooling module 5000,
and further conveyed along the duplex conveyance path
in the fixing module 4000, the drying module 3000, the
print module 2000, and the sheet feeding module 1000.
After that, the sheet S is conveyed to the registration unit
2100 and the print belt unit 2200 of the print module 2000,
and an image is printed by the recording unit 2300 on
the second surface of the sheet S. A duplex conveyance
unit of the fixing module 4000 includes a reversing unit
4200 that reverses the surface of the sheet S.

[0017] The reversing module 6000 includes a revers-
ing unit 6400. The reversing module 6000 can reverse
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the surface of the sheet S to be discharged to change
the orientation of the sheet S.

[0018] The sheet discharging and stacking module
7000 includes a top tray 7200 and a stacking unit 7500,
and neatly stacks the sheets S conveyed from the re-
versing module 6000. The top tray 7200 functions as a
discharge unittowhich the sheets S are to be discharged,
or the stacking unit 7500 functions as the discharge unit.

(Ink)

[0019] Each type of ink contains 0.1 to 20.0 mass% of
resin component with respect to its ink total mass, water,
water-soluble organic solvent, its color material, wax, and
an additive agent.

(Drying Function Unit)

[0020] The heating and drying module 3000 heats and
dries the reaction liquid and the ink on the sheet S to
promote the evaporation of the liquid component in the
reaction liquid and the ink, preventing cockling of the
sheet S.

[0021] The drying module 3000 can be any device that
is capable of heating and drying, and various conven-
tionally-known devices can be appropriately used. De-
sirably, a hot-air dryer or a heater is used. Any type of
heater may be used, and it is desirable that the heater is
appropriately selected from among known methods.
Among others, desirable methods are heating using a
heating wire or an infrared heater from the viewpoint of
safety and energy efficiency.

(Print Module)

[0022] Fig. 2is a schematic cross-sectional view of the
print module 2000. The print belt unit 2200 includes a
print belt 25, four tension rollers 21 to 24 that support the
print belt 25 in a tensioned state, and a fan (not illustrat-
ed). The belt surface of the print belt 25 that faces the
recording head 10 is called an image formation surface
26 supported by the tension rollers 21 and 24 in the ten-
sioned state. Suction holes (not illustrated) are formed
in the print belt 25. The print belt 25 conveys the sheet
S being sucked on the print belt 25 by the fan (not illus-
trated) taking in air through the suction holes. The sheet
S conveyed in the conveyance direction in Fig. 2 is held
on the print belt 25. While the sheet S passes through
the image formation surface 26, the recording head 10
forms an image on the sheet S.

[0023] The in-line scanner unit 1 that reads the sheet
S on the print belt 25 (an image formed on the sheet S)
is disposed downstream of the recording head 10 in the
conveyance direction in which the sheet S is conveyed.
Specifically, the inkjet recording apparatus includes the
in-line scanner unit 1 provided between the recording
head 10 and the drying module 3000 in the conveyance
direction. It can also be said that the inkjet recording ap-
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paratus include the in-line scanner unit 1 provided be-
tween the recording head 10 and the fixing module 4000
in the conveyance direction. The in-line scanner unit 1
according to the present embodiment is provided up-
stream of the fixing module 4000 in the conveyance di-
rection, but the configuration is not limited to this config-
uration. For example, in some embodiments, the in-line
scanner unit 1 reads the sheets S (images formed on the
sheets S) at a position downstream of the fixing belt unit
4100 and upstream of the reversing unit 4200 in the con-
veyance direction.

(Print Belt Unit)

[0024] Fig. 3 is a perspective view of the principal part
of the print belt unit 2200. The tension roller 21 is a drive
roller that rotates the print belt 25. The tension roller 22
is a tension roller that presses the print belt 25 toward
the outside of the print belt 25 from the inner surface of
the print belt 25. The tension roller 24 is a driven roller
to be rotationally driven by the rotation of the print belt 25.
[0025] Edge sensors 30a and 30b detect an edge por-
tion of the print belt 25. The amount of leaning of the print
belt 25 is detected based on the positions of the edge
portion detected by the edge sensors 30a and 30b. One
end portion of the tension roller 23 is swung by a motor
50 so as to correct a leaning movement of the print belt
25 in a width direction (direction of the longitudinal side
of the recording head 10) orthogonal to the conveyance
direction in which the sheet S is conveyed. The tension
roller 23 and the motor 50 function as a steering roller
for correcting the leaning movement of the print belt 25.
The direction of the longitudinal side of the recording
head 10 is orthogonal to the conveyance direction (pre-
determined conveyance direction) in which the print belt
unit 2200 conveys the sheet S without being skewed.
[0026] The tension roller 24 is moved by a motor 40 in
axial line directions (thrust direction) of the tension roller
24 based on the edge sensor 30a in such a manner that
brings the position of the edge portion detected by the
edge sensor 30a to the target position. Similarly, the ten-
sion roller 21 is moved by the motor 40 in axial line di-
rections (thrust direction) of the tension roller 21 based
on the edge sensor 30b in such a manner that brings the
position of the edge portion detected by the edge sensor
30b to the target position.

[0027] The amount of movement in a thrust direction
is determined in such a manner that makes the difference
between repeatedly-detected edge positions and the
edge position corresponding to one previous rotation of
the print belt 25 smaller. The position control of the print
belt 25 by movement in a thrust direction is constantly
performed while the print belt 25 is rotating.

(Registration Unit 2100)

[0028] Fig. 4 is a perspective view of the registration
unit 2100 and its surrounding configuration. Figs. 5A to
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5E are schematic views of the principal part of the reg-
istration unit 2100. The registration unit 2100 includes
image sensors 2101 and 2102, registration sensors 2103
and 2104, motors 2105 and 2106, steering motors 2107
and 2108, and registration rollers 2109 and 2110. A con-
veyance roller pair 2119 is arranged in the conveyance
direction upstream of the sheets S of the registration unit
2100. A conveyance roller pair 2118 is arranged in the
conveyance direction upstream of the sheets S of the
conveyance roller pair 2119. The conveyance roller pairs
2118 and 2119 convey the sheets S to the registration
unit 2100. The conveyance roller pair 2119 functions as
a first conveyance unit. The configuration of the first con-
veyance unit is not limited to the configuration of the con-
veyance roller pair 2119. The first conveyance unit can
be a belt member that conveys sheets while holding the
sheet, for example.

[0029] The registration rollers 2109 and 2110 of the
registration unit 2100 receive each of the sheets S con-
veyed from the conveyance roller pairs 2118 and 2119.
The registration rollers 2109 and 2110 are rubber rollers
made of polyurethane. The registration roller 2109 is ro-
tationally driven by the motor 2105. The registration roller
2109 forms a nip portion for nipping the sheet S, by press-
ing a driven roller (not illustrated) facing the registration
roller 2109. The registration roller 2110 is rotationally
driven by the motor 2106. The registration roller 2110
forms a nip portion for nipping the sheet S, by pressing
adriven roller (notillustrated) facing the registration roller
2110. Theregistrationrollers 2109 and 2110 being driven
by the motors 2105 and 2106 convey the sheet S toward
the print belt unit 2200.

[0030] The registration sensors 2103 and 2104 serve
as a first sensor to be used to detect the inclination of
the leading edge of the sheet S in the conveyance direc-
tion. The registration sensors 2103 and 2104 detect tim-
ings at which the leading edge (and the trailing end side)
of the sheet S passes through the detection positions.
The detection position of the registration sensor 2103
and the detection position of the registration sensor 2104
differ in a width direction orthogonal to the conveyance
direction of the sheet S. Based on the difference between
the timings at which the registration sensor 2103 detects
the leading edge of the sheet S and at which the regis-
tration sensor 2104 detects the leading edge of the sheet
S, the inclination (skew amount) of the leading edge of
the sheet S with respect to a predetermined direction (for
example, adirection orthogonal to the conveyance direc-
tion) is obtained. The registration rollers 2109 and 2110
are respectively driven by different drive motors (motors
2105 and 2106). As illustrated in Figs. 5A to 5E, the reg-
istration unit 2100 can correct the skew of the sheets S
by adjusting the speed difference between a conveyance
speed VL of the registration roller 2109 and a conveyance
speed VR of the registration roller 2110.

[0031] The registration unit 2100 also changes the an-
gle of the rotational shaft of the registration roller 2109
with respect to a direction orthogonal to the conveyance
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direction of the sheets S. The rotational shaft of the reg-
istration roller 2109 is supported by a steering shaft2115.
An axial line direction of the steering shaft 2115 is a di-
rection vertical to the surfaces of the sheets S conveyed
by the registration roller 2109. The steering shaft 2115
is driven by the steering motor 2107 via a drive input gear
2111L and a motor gear 2112L to rotate around an axial
line direction. This rotation swings the rotational shaft of
the registration roller 2109 around the rotational axis of
the steering shaft 2115, whereby the registration roller
2109 controls the skew direction of the sheets S. The
skew direction refers to a direction (of skew) in which the
sheet S is obliquely conveyed with respect to the prede-
termined conveyance direction.

[0032] Similarly, the registration unit 2100 changes the
angle of the rotational shaft of the registration roller 2110
in a direction orthogonal to the conveyance direction of
the sheets S. The rotational shaft of the registration roller
2110 is supported by a steering shaft 2116. An axial line
direction of the steering shaft 2116 is a direction vertical
to the surfaces of the sheets S conveyed by the registra-
tion roller 2110. The steering shaft 2116 is driven by the
steering motor 2108 via a drive input gear 2111R and a
motor gear 2112R to rotate around an axial line direction.
This rotation swings the rotational shaft of the registration
roller 2110 around the rotational axis of the steering shaft
2116, whereby the registration roller 2110 controls the
skew direction of the sheets S.

[0033] Fig. 5A illustrates a direction in which the reg-
istration rollers 2109 and 2110 apply conveyance forces
to the sheets S with angles of the rotational shafts of the
registration rollers 2109 and 2110 being parallel to an
orthogonal direction (width direction) orthogonal to the
conveyance direction of the sheets S. Rotation of the
steering shafts 2115 and 2116 changes the direction in
which the registration rollers 2109 and 2110 apply con-
veyance forces to the sheets S as illustrated in Fig. 5B.
[0034] The description will return to Fig. 4. The image
sensor 2101 (or 2102) is a sensor used to detect the
position of each of the sheets S in a width direction of
the sheet S. The image sensor 2101 detects one edge
portion of the sheet S, and theimage sensor 2102 detects
the other edge portion of the sheet S. The registration
unit 2100 detects the position of the sheet S in the width
direction from the detection result of the edge portions
of the sheet S, and the angles of the rotational shafts of
the registration rollers 2109 and 2110 are adjusted in
such a manner that brings the position in the width direc-
tion of the sheet S to the target position (width direction).
The target position (width direction) is assumed to be a
center position in the width direction of the print belt 25,
for example.

[0035] Fig. 5C is a schematic diagram illustrating a
state before a sheet S is conveyed to the registration
rollers 2109 and 2110. As illustrated in Fig. 5D, the reg-
istration unit 2100 controls the speed difference between
the conveyance speeds VL and VR of the registration
rollers 2109 and 2110 based on the inclination (skew
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amount) of the leading edge of a conveyed sheet S de-
tected by the registration sensors 2103 and 2104. For
simple description, the orientation of the sheet S is con-
trolled in such a manner that rotates the sheet S to make
the leading edge of the sheet S parallel to the width di-
rection. Furthermore, as illustrated in Fig. 5E, the regis-
tration unit 2100 controls the angles of the rotational
shafts of the registration rollers 2109 and 2110 based on
the positions of edge portions of the sheet S that are
detected by the image sensors 2101 and 2102. With this
configuration, even if the conveyance position of the
sheet S in the width direction is at a position closer to the
registration roller 2110 than the target position (width di-
rection), the sheet S is obliquely conveyed and the print
belt 25 holds the sheet S in a state in which the sheet S
has reached the target position (width direction).

(Front-Rear Surface Deviation)

[0036] Whenimages aretobe formed on both surfaces
of a sheet S in the inkjet recording apparatus, the sheet
S switched back by the reversing unit 4200 is conveyed
by a conveyance roller pair 2400 (Fig. 1) to the convey-
ance roller pair 2119 (Fig. 4). The inkjet recording appa-
ratus switches back the sheet S of which the first surface
(front surface) has an image formed on it using the re-
versing unit 4200, whereby the surfaces of the sheet S
with respect to the conveyance direction are reversed.
The sheet S from the reversing unit 4200 is borne again
on the print belt 25 by the conveyance roller pair 2400
(Fig. 1) and the conveyance roller pair 2119 (Fig. 4), and
animage is formed by the recording head 10. At this time,
the sheet S is borne on the print belt 25 with the second
surface (rear surface) of the sheet S oriented upward,
and the image is formed by the recording head 10 on the
second surface (rear surface) of the sheet S. In the con-
figuration of switching-back the sheet S in duplex printing,
the leading edge serving as the reference side of the first
surface and the leading edge serving as the reference
side of the second surface (trailing end side of the sheet
S of which the first surface has the image formed on it)
become reversed. In duplex printing, the leading edge in
the conveyance direction of the sheet S before being
switched back by the reversing unit 4200 becomes the
trailing end side in the conveyance direction of the sheet
S through the switch-back performed by the reversing
unit 4200. On the other hand, in duplex printing, the trail-
ing end side in the conveyance direction of the sheet S
before being switched back by the reversing unit 4200
becomes the leading edge in the conveyance direction
of the sheet S through the switch-back performed by the
reversing unit 4200. The conveyance roller pair 2400
(Fig. 1) function as a third conveyance unit. The config-
uration of the third conveyance unit is not limited to the
configuration of the conveyance roller pair 2400. The
third conveyance unit can be a belt member that conveys
a sheet while holding the sheet, for example.

[0037] Thus, in the configuration in which the orienta-
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tion of the sheet S is controlled in such a manner that
makes the leading edge of the sheet S parallel to the
width direction orthogonal to the conveyance direction,
if the leading edge and the trailing end side of the sheet
S are not parallel, the inclination of the reference side of
the first surface and the inclination of the reference side
of the second surface are different as illustrated in Fig.
6. The deviation corresponding to 62-61 is accordingly
generated between the image formed on the first surface
of the sheet S and the image formed on the second sur-
face of the sheet S.

[0038] The conveyance position (passing position) of
the sheet S in the width direction of the sheet S is con-
trolled in such a manner that makes the center position
of the leading edge of the sheet S when an image is
formed on the second surface coincide with the center
position of the leading edge of the sheet S when animage
is formed on the first surface. In this configuration, a de-
viation could be generated in the width direction of the
sheet S irrespective of the angle of the leading edge of
the sheet S with respect to the conveyance direction. As
illustrated in Fig. 7, with both end sides in the width di-
rection orthogonal to the conveyance direction of the
sheet S inclined with respect to the conveyance direction,
the conveyance position in the width direction of the sheet
S is wrongly corrected. In this case, the deviation corre-
sponding to the difference in center position between the
leading edge and the trailing end side is generated be-
tween the position of an image formed on the first surface
and the position of an image formed on the second sur-
face.

[0039] Figs. 8A to 8C illustrate data indicating results
of an experiment carried out by the inventors on devia-
tions in the width direction of the sheet S that s attributed
to deviations in center position between the leading edge
and the trailing end side (deviation in perpendicularity of
the sheetS). Fig. 8Aillustrates a result obtained by meas-
uring deviations in perpendicularities of 500 sheets S one
by one. The X-axis (horizontal axis) indicates the number
of sheets fed, and the Y-axis (vertical axis) indicates
amounts of perpendicularity deviation of the sheets S.
Fig. 8B illustrates a result obtained by measuring devia-
tions (hereinafter, will be referred to as front-rear surface
deviations) in image formation position between images
on the first surfaces and images on the second surfaces
ofthe 500 sheets S. The X-axis (horizontal axis) indicates
the number of sheets fed, and the Y-axis (vertical axis)
indicates amounts of front-rear surface deviation. As il-
lustrated in Fig. 8C, the amount of perpendicularity de-
viation of a sheet S is defined as the distance between
the corner of the trailing end side of the sheet S and a
virtual straight line orthogonal to the leading edge of the
sheet S, the virtual straightline being drawn from a corner
of the leading edge of the sheet S.

[0040] The trend of the perpendicularity deviation of
the sheets S illustrated in Fig. 8A is similar to the trend
of the front-rear surface deviation illustrated in Fig. 8B.
This suggests that a front-rear surface deviation of an
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image formed on a sheet S is generated due to a differ-
ence in shape between the leading end and the trailing
end of the sheet S. It is known that such a shape differ-
ence (deviation in parallelism or perpendicularity) be-
tween the leading end and the trailing end of a sheet S
is generated due to a deviation generated during sheet
cutting and to a sheet shrink attributed to an environmen-
tal fluctuation. It is also known that variations also occur
while images are being formed on a plurality of sheets S.
[0041] Thus, the inkjet recording apparatus described
in the presentembodiment acquires the shape of a sheet
S of which the first surface has an image formed on it,
and controls the inclination (skew amount) of the leading
edge of the sheet S when an image is formed on the
second surface of the sheet S, based on the inclinations
of the leading edge and the trailing end side of the first
surface of the sheet S.

[0042] In forming an image on the second surface of
the sheet S, the inkjet recording apparatus controls the
orientation of the sheet S in such a manner that makes
the inclination (skew amount) of the leading edge of the
sheet S after a switch-back the target inclination for the
second surface.

[0043] Even if the inclination (skew amount) of the
leading edge of a sheet S when an image is formed on
the first surface is corrected so as to be the target incli-
nation for the first surface, a correction error could remain
in the inclination (skew amount) of the leading edge of
the sheet S. Thus, the inkjet recording apparatus de-
scribed in the present embodiment determines the target
inclination for the leading edge for the second surface
using the inclination of the trailing end side of the sheet
S of which the first surface has an image formed on it,
as well as the inclination (skew amount) of the leading
edge of the sheet S of which the first surface has an
image formed on it.

[0044] The inkjet recording apparatus described in the
presentembodiment also controls the position (reference
position) in the width direction of the sheet S at which the
sheet S will pass when an image is formed on the second
surface of the sheet S, based on the shape of the sheet
S of which the first surface has an image formed on it.
Atfter the image is formed on the first surface, the center
position of the leading edge of the sheet S and the center
position of the trailing end side of the sheet S are acquired
based on the shape of the sheet S. Subsequently, the
inkjet recording apparatus shifts the target position for
the center position of the leading edge of the second
surface of the sheet S in the width direction of the sheet
S by an amount corresponding to the difference between
the center position of the leading edge of the first surface
of the sheet S and the center position of the trailing end
side of the first surface of the sheet S.

[0045] Inthe conveyance direction of the sheet S, mar-
gin lengths at the leading end and the trailing end are set
to predetermined values. If the leading edge and the trail-
ing end side in the conveyance direction of the sheet S
are not parallel, there is, however, a possibility thatimage

10

15

20

25

30

35

40

45

50

55

formation positions of an image on the first surface and
an image on the second surface does not coincide in the
conveyance direction. In view of the foregoing, the inkjet
recording apparatus according to the present embodi-
ment detects the length in the conveyance direction of
the sheet S from the coordinates of the four corners of
the sheet S, compares the detected length with a stand-
ard length (so-called length) in the conveyance direction
that corresponds to its sheet size, and adjusts the margin
length at the leading end of an image on the second sur-
face. Specifically, the detected length longer than the ref-
erence length results in along margin length atthe trailing
end of an image on the first surface, so that the margin
length at the leading end of an image on the second sur-
face is made longer than a predetermined value by an
amount corresponding to the difference between the de-
tected length and the reference length. On the other
hand, the detected length shorter than the reference
length results in a short margin length at the trailing end
of the image on the first surface, so that the margin length
at the leading end of an image on the second surface is
made shorter than a predetermined value by an amount
corresponding to the difference between the detected
length and the reference length.

[0046] To detect the shape, the four corners, and the
length of the sheet S in the conveyance direction of the
sheet S, the inkjet recording apparatus includes the in-
line scanner unit 1 provided downstream of the recording
head 10 (Fig. 2) in the conveyance direction. The in-line
scanner unit 1 can read the sheet S immediately after an
image is formed on the first surface, at a reading position
in the conveyance direction downstream of a recording
position at which the recording head 10 (Fig. 2) ejects
ink. The in-line scanner unit 1 is a second sensor that
detects the sheet S while the sheet S is conveyed by the
print belt unit 2200. The print belt unit 2200 corresponds
to a second conveyance unit that conveys the sheet S
on which an image is formed. Based on a read image of
the sheet S read by the in-line scanner unit 1, the inkjet
recording apparatus acquires the shape, the four cor-
ners, and the length of the sheet S in the conveyance
direction of the sheet S, and controls the conveyance of
the sheet S in forming an image on the second surface.

(In-Line Scanner Unit)

[0047] Fig. 9is a schematic cross-sectional view of the
in-line scanner unit 1 provided in the conveyance direc-
tion downstream of the recording head 10 (Fig. 2). The
in-line scanner unit 1 reads the shape of a sheet S held
on the print belt 25 and an image (registration mark) on
the sheet S. Thein-line scanner unit 1 includes a housing
2, a line sensor 3 accommodated in the housing 2, a
reading glass 4, and a reference plate 6. By emitting light
from alight source (notillustrated) and receiving reflected
light from the sheet S via the reading glass 4, the line
sensor 3 generates a read image of the sheet S.

[0048] The line sensor 3 is a contact image sensor
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(CIS) or a charge-coupled device (CCD) sensor. In the
in-line scanner unit 1, the line sensor 3 is movable in such
a manner that the line sensor 3 receives reflected light
from the reference plate 6. The in-line scanner unit 1
performs shading correction for controlling the output val-
ue of each pixel from the line sensor 3 to reach a target
value, based on the reflected light from the reference
plate 6 received by the line sensor 3.

(System Configuration)

[0049] Fig. 10 is a control block diagram of the inkjet
recording apparatus. Hereinafter, conveyance control of
the conveyance of the sheets S under the control of the
registration unit 2100 will be described with reference to
the control block diagram illustrated in Fig. 10.

[0050] A controller 9 includes a central processing unit
(CPU) 90, and generally controls the inkjet recording ap-
paratus. A random access memory (RAM) 91 is a system
work memory to be used by the CPU 90 for processing.
A read-only memory (ROM) 92 stores control programs
for controlling various types of processing to be per-
formed in the inkjet recording apparatus. A hard disk drive
(HDD) 93 stores, in association with each sheet, a read
image of the sheet S read by the line sensor 3 of the in-
line scanner unit 1, a target inclination for the second
surface calculated by a calculating unit 7, a correction
value of the target inclination for the second surface, and
a margin length of the second surface.

[0051] The calculating unit 7 determines the coordi-
nates of the four corners of the sheet S from the read
image on the first surface of the sheet S stored in the
HDD 93, and finds the inclinations of the leading edge
and the trailing end side of the first surface based on the
coordinates. The inclination of the leading edge of the
firstsurface is aninclination of the leading edge of a sheet
S with respect to a predetermined conveyance direction,
the inclination being acquired at the reading position of
the in-line scanner unit 1 after an image is formed on the
first surface. The inclination of the trailing end side of the
first surface is an inclination of the trailing end side of a
sheet S with respect to a predetermined conveyance di-
rection, the inclination being acquired at the reading po-
sition of the in-line scanner unit 1 after animage is formed
on the first surface. The calculating unit 7 calculates the
target inclination for the second surface based on the
inclinations of the leading edge and the trailing end side
of the first surface. The calculating unit 7 functions as a
first generation unit that generates the target inclination
for the second surface based on data corresponding to
the inclination of the leading edge and data correspond-
ing to the inclination of the trailing end side of the sheet
S of which the first surface has an image formed on it
before the sheet S is switched back. Furthermore, the
calculating unit 7 determines the coordinates of the cent-
er positions of the leading edge and the trailing end side
of the first surface based on the coordinate of the four
corners of the sheet S, and calculates the correction val-
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ue for the target inclination for the second surface (width
direction) based on the coordinates of the center posi-
tions of the leading edge and the trailing end side of the
first surface. The calculating unit 7 functions as a second
generation unit that generates the target position for the
second surface (width direction) based on data corre-
sponding to the position at the leading end and data cor-
responding to the position at the trailing end in the width
direction of the sheet S of which the first surface has an
image formed on it before the sheet S is switched back.
Furthermore, the calculating unit 7 calculates the length
in the conveyance direction of the sheet S based on the
coordinates of the center positions of the leading edge
and the trailing end side of the first surface to determine
the margin length at the leading end of the second surface
of the sheet S.

[0052] An application specific integrated circuit (ASIC)
70 controls the registration unit 2100. The registration
unit 2100 (and the ASIC 70) function(s) as an orientation
control unit that controls the orientation of the sheet S
being conveyed. Theregistration unit2100 (and the ASIC
70) has (have) a function of controlling the inclination
(skew amount) of the leading edge of the sheet S, for
example. The registration unit 2100 (and the ASIC 70)
also has (have) a function of controlling the position in
the width direction of a sheet S, for example. The follow-
ing description will be given assuming that the ASIC 70
controls the registration unit 2100, but the CPU 90 of the
controller 9 controls the registration unit 2100 in place of
the ASIC 70.

[0053] To form an image on the first surface of the
sheet S, the ASIC 70 detects the end portions in the width
direction of the sheet S using the image sensors 2101
and 2102, and detects the inclination (skew amount) of
the leading edge in the conveyance direction of the sheet
S using the registration sensors 2103 and 2104. Subse-
quently, the ASIC 70 determines the speed difference
between the registration rollers 2109 and 2110 based on
the detection results of the registration sensors 2103 and
2104 in such a manner that brings the inclination (skew
amount) of the leading edge of the sheet S to a target
inclination for the first surface. The target inclination for
the first surface is a predetermined inclination at which
the leading edge of the sheet S is parallel to the width
direction of the sheet S. The relationship between the
speed difference between the two registration rollers
2109 and 2110 for controlling the inclination to bring the
inclination to the targetinclination, and the inclination (de-
tected inclination) of the leading edge is prestored in the
ROM 92 as data. The ASIC 70 determines the speed
difference (speed difference on the first surface) between
the two registration rollers 2109 and 2110 in forming an
image on the first surface of the sheet S, based on the
inclination (detected inclination) of the leading edge from
the data stored inthe ROM 92. The ASIC 70 then controls
the rotational speeds of the motors 2105 and 2106 based
on the above-described speed difference on the first sur-
face.
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[0054] In addition, the ASIC 70 determines the inclina-
tions of the rotational shafts of the registration rollers
2109 and 2110 based on the detection results of the im-
age sensors 2101 and 2102 in such a manner that brings
the center position of the leading edge of the sheet S to
a target position. The target position for the first surface
is predetermined and stored in the ROM 92. The ASIC
70 controls the amounts of rotation of the steering motors
2107 and 2108 in such a manner that brings the center
position to the target position stored in the ROM 92.
[0055] Next, in duplex printing to form images on both
surfaces (the front surface and the rear surface) of the
sheet S, after the recording head 10 forms an image on
the first surface of the sheet S (front surface), the sheet
S is read by the in-line scanner unit 1 provided down-
stream of the recording head 10 in the conveyance di-
rection.

[0056] To reduce the front-rear surface deviation at-
tributed to the deviation in parallelism between the lead-
ing edge and the trailing end side of the sheet S, the
calculating unit 7 determines the target inclination for the
leading edge for the second surface before an image is
formed on the second surface (rear surface) of the sheet
S. A method of determining the target inclination for the
second surface will now be described with reference to
Fig. 11.

[0057] After an image is formed on the first surface,
the calculating unit 7 detects positions (X1, Y1) to (X4,
Y4) of the four corners of the sheet S of which the first
surface has the image formed on it, based on a read
image of the sheet S read by the in-line scanner unit 1.
The calculating unit 7 calculates an angle 61 of the lead-
ing edge of the sheet S and an angle 62 of the trailing
end side of the sheet S using the following equations:

01 = Arctan((Y2 - Y1)/(X2 - X1)),

and

02 = arctan((Y4 - Y3)/(X4 - X3))

Then, the calculating unit 7 determines the deviation in
parallelism between the leading edge and the trailing end
side ofthe sheet S, as the angle difference 62-61 between
the leading edge and the trailing end side of the sheet S.
[0058] Furthermore, to reduce the front-rear surface
deviation attributed to the deviation in perpendicularity
ofthe sheet S, the calculating unit 7 determines the target
position in the width direction for the second surface be-
fore an image is formed on the second surface of the
sheet S. A method of determining the correction value
for the target position for the second surface will now be
described with reference to Fig. 12.

[0059] The calculating unit 7 calculates a center posi-
tion Xlead of the leading edge of the sheet S as Xlead =
X2 - X1, and calculates a center position Xrear of the
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trailing end side of the sheet S as Xrear = X4 - X3. The
calculating unit 7 then calculates a correction value AX
for a target position for the second surface as AX = (X4
- X3) - (X2 - X1).

[0060] Next, the sheet S read by the in-line scanner
unit 1 is conveyed to the reversing unit 4200. In the re-
versing unit 4200, after the conveyance of the sheet S is
stopped, aroller (notillustrated) of the reversing unit 4200
rotates reversely, switching-back the sheet S. The sheet
S switched back in the reversing unit 4200 is conveyed
again to the registration unit 2100 via a plurality of con-
veyance rollers including the conveyance roller pairs
2118, 2119, and 2400 with the second surface oriented
upward.

[0061] To form animage on the second surface of the
sheet S, the ASIC 70 detects the end portions in the width
direction of the sheet S using the image sensors 2101
and 2102, and detects the inclination (skew amount) of
the leading edge in the conveyance direction of the sheet
S using the registration sensors 2103 and 2104. The
ASIC 70 then determines the speed difference between
the registration rollers 2109 and 2110 based on the de-
tection results of the registration sensors 2103 and 2104
in such a manner that brings the inclination (skew
amount) of the leading edge of the sheet S to the target
inclination (target skew amount) of the leading edge for
the second surface. The speed difference for controlling
the inclination (skew amount) of the leading edge of the
second surface is also determined with reference to the
data stored in the ROM 92. The ASIC 70 determines the
speed difference (speed difference on the second sur-
face) between the two registration rollers 2109 and 2110
in forming an image on the second surface of the sheet
S, based on the inclination (detected inclination) of the
leading edge from the data stored in the ROM 92. The
ASIC 70 then controls the rotational speeds of the motors
2105 and 2106 based on the above-described speed dif-
ference between the two registration rollers 2109 and
2110 on the second surface.

[0062] In addition, the ASIC 70 determines the inclina-
tions of the rotational shafts of the registration rollers
2109 and 2110 based on the detection results of the im-
age sensors 2101 and 2102 in such a manner that beings
the center position of the leading edge of the sheet S to
a target position for the second surface. The ASIC 70
determines the target position for the second surface by
adding the correction value AX to the target position for
the first surface. The ASIC 70 controls the amounts of
rotation of the steering motors 2107 and 2108 in such a
manner that brings the center position to the target po-
sition for the second surface.

[0063] As described above, the control of the convey-
ance of a sheet S by the registration unit 2100 allows
accurate reduction of the front-rear surface deviation be-
tween an image on the first surface of the sheet S and
an image on the second surface of the sheet S.

[0064] An image forming operation in which the inkjet
recording apparatus functioning as an image forming ap-
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paratus forms an image on a sheet will now be described
with reference to a flowchart illustrated in Fig. 13. This
image forming operation is performed by the CPU 90 of
the controller 9 loading a control program stored in the
ROM 92 onto the RAM 91. The image forming operation
illustrated in the flowchart in Fig. 13 is performed by an
image formation job (image data) being transferred from
an external device (server or personal computer).
[0065] In step S 1000, the CPU 90 first feeds a sheet
S using the sheet feeding module 1000, and causes the
registration unit 2100 to detect the inclination and the
position of the leading edge of the sheet S. In step S1001,
the CPU 90 corrects the orientation (inclination) and the
position of the sheet S. After that, if the sheet S is con-
veyed to the print belt unit 2200, in step S1002, the CPU
90 causes the recording unit 2300 to form an image on
the first surface of the sheet S. In step S 1003, the CPU
90 determines whether an image is to be formed on the
rear surface (second surface) of the sheet S, based on
information indicated by image data. If an image is to be
formed on the rear surface (second surface) of the sheet
S (YES in step S1003), the processing proceeds to step
S1004. In step S1004, the CPU 90 subsequently causes
the in-line scannerunit 1 toread the sheet S, and acquires
an angle difference 62-61 calculated by the calculating
unit 7, and a correction value AX.

[0066] The sheet S is conveyed through the drying
module 3000 and the fixing module 4000 to the cooling
module 5000. When it is determined in step S1003 that
an image is to be formed on the rear surface of the sheet
S (YES in step S1003), the CPU 90 causes the convey-
ance path switching unit of the cooling module 5000 to
convey the sheet S to the reversing module 6000. In step
S1005, the CPU 90 conveys the sheet S to the reversing
unit 4200 and switches back the sheet S. The sheet S
switched back in the reversing unit 4200 is conveyed via
the conveyance roller pair 2400 and the sheet feeding
module 1000 to the print module 2000.

[0067] On the other hand, in step S1003, if it is deter-
mined that an image is not to be formed on the rear sur-
face of the sheet S (NO in step S1003), the processing
proceeds to step S1009. In step S1009, the CPU 90 de-
termines whether all images included in the image data
are formed. In step S1009, if it is determined in step
S1009 that all images are formed (YES in step S1009),
the CPU 90 ends the processing. If it is determined that
all images are not formed (NO in step S1009), the CPU
90 returns the processing to step S1000, and startsimage
formation on the next sheet. The sheet S on which an
image is formed is conveyed through the reversing mod-
ule 6000 to the sheet discharging and stacking module
7000.

[0068] When animage is to be formed on the rear sur-
face (second surface) of the sheet S, the sheet S con-
veyed by the conveyance roller pair 2400 reaches the
print module 2000. In step S1006, the CPU 90 causes
the registration unit 2100 to detect the inclination and the
position of the leading edge of the sheet S. In step S
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1007, the CPU 90 corrects the orientation (inclination)
and the position of the sheet S. In step S 1007, the CPU
90 causes the registration unit 2100 to correct the orien-
tation (inclination) of the sheet S based on the angle dif-
ference acquired in step S 1006 and the inclination of the
leading edge acquired in step S1004. In step S1007, the
CPU 90 also causes the registration unit 2100 to correct
the position of the sheet S based on the position of the
sheet S acquired in step S1006 and the correction value
AX acquired in step S1004.

[0069] After that, when the sheet S is conveyed to the
print belt unit 2200, in step S1008, the CPU 90 causes
the recording unit 2300 to form an image on the second
surface of the sheet S. In step S 1009, the CPU 90 de-
termines whether all images included in the image data
are formed. When it is determined in step S 1009 that all
images are not formed (NO in step S1009), the CPU 90
returns the processing to step S 1000, and starts image
formation on the next sheet. The sheet S on which an
image is formed is conveyed through the reversing mod-
ule 6000 to the sheet discharging and stacking module
7000.

[0070] The above-described image forming operation
allows reduction of the deviation in formation position be-
tween an image on the front surface (first surface) of the
sheet S and an image on the rear surface (second sur-
face) of the sheet S.

[0071] Toreduceafront-rear surface deviation, the cal-
culating unit 7 according to the present embodiment gen-
erates both the target inclination and the target position
for the second surface using a read image of the sheet
S read by the in-line scanner unit 1. The calculating unit
7 can generate the target inclination for the second sur-
face using a read image of the sheet S read by the in-
line scanner unit 1 without making the target position for
the second surface variable. This configuration also al-
lows reduction of a front-rear surface deviation attributed
to a parallelism deviation, providing a reduced deviation
in image formation position compared with a configura-
tion in which the target inclination for the second surface
is not made variable. In addition, the calculating unit 7
can generate the target position for the second surface
using a read image of the sheet S read by the in-line
scanner unit 1, without making the target inclination for
the second surface variable. This configuration allows
reduction of a front-rear surface deviation attributed to a
perpendicularity deviation, providing a reduced deviation
in image formation position compared with a configura-
tion in which the target position for the second surface is
not made variable.

[0072] The method of reducing a front-rear surface de-
viation of images in the inkjet recording apparatus has
been described above, but a recording method is not
limited to the inkjet method as long as an image forming
apparatus can form an image on the sheet S. For exam-
ple, the image forming apparatus can be an electropho-
tographic printer including a photosensitive member, a
charging device that charges the photosensitive mem-
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ber, an exposure device that exposes the photosensitive
member to form an electrostatic latentimage on the pho-
tosensitive member, and a developing device that devel-
ops the electrostatic latent image on the photosensitive
member using toner. The charging device, the exposure
device, and the developing device are called an image
forming station. The image forming station forms an im-
age by transferring an image to the sheet S conveyed to
a transfer nip in the direction in which the sheet S is con-
veyed. The electrophotographic printer further includes
a fixing device that fixes the image to the sheet S down-
stream of the transfer nip in the conveyance direction in
which the sheet S is conveyed, and a reversing unit that
switches back the sheet S further downstream of the fix-
ing device in the conveyance direction.

[0073] The electrophotographic printer can be used as
long as the electrophotographic printer has a configura-
tionincluding the registration unit2100 in the conveyance
direction of the sheet S upstream of the transfer nip at
which an image is transferred to the sheet S, and includ-
ing the in-line scanner unit 1 in the conveyance direction
of the sheet S downstream of the transfer nip. For exam-
ple, the in-line scanner unit 1 can be arranged in the
printer so as to read the sheet S at a position between
the transfer nip and the fixing device in the conveyance
direction. Besides, for example, the in-line scanner unit
1 can be arranged so as to read the sheet S at a position
between the fixing device and the reversing unit in the
conveyance direction. The fixing device functions as a
fixing unit as with the fixing module 4000 (fixing belt unit
4100).

[0074] While the presentinvention has been described
with reference to embodiments, it is to be understood
that the invention is not limited to the disclosed embod-
iments. The scope of the following claims is to be accord-
ed the broadest interpretation so as to encompass all
such modifications and equivalent structures and func-
tions and is limited by the appended claims.

Claims

1. Animage forming apparatus that forms images on
both surfaces of a sheet, the image forming appara-
tus comprising:

first conveyance means (2119) for conveying a
sheet;

orientation control means (2100) for controlling
an orientation of the sheet conveyed by the first
conveyance means;

image forming means (10) for forming an image
onthe sheet of which the orientation is controlled
by the orientation control means;

afirst sensor configured to detect the sheet while
the sheet is conveyed by the first conveyance
means, the first sensor being used to detect an
inclination of a leading edge of the sheet in a
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conveyance direction in which the sheet is con-
veyed;

second conveyance means for conveying the
sheet on which the image is formed by the image
forming means;

a second sensor configured to detect the sheet
on which the image is formed while being con-
veyed by the second conveyance means, the
second sensor being used to detect an inclina-
tion of a leading edge and an inclination of a
trailing edge of the sheet in the conveyance di-
rection;

switch-back means (4200), which is provided
downstream of the second sensor in the con-
veyance direction, for switching-back the sheet;
third conveyance means for conveying the sheet
switched back by the switch-back means to the
first conveyance means in a case where images
are to be formed on both surfaces of the sheet;
and

a controller (9) configured to control duplex print-
ing in which images are to be formed on both
surfaces of the sheet, the controller being con-
figured to:

control the second sensor to detect the
sheet after the image forming means forms
an image on a first surface of the sheet;
control the first sensor to detect the sheet
conveyed by the third conveyance means
and the first conveyance means; and

in a case where the image forming means
forms an image on a second surface of the
sheet, control the orientation control means
to control the orientation of the sheet on
which an image is to be formed on the sec-
ond surface by the image forming means,
based on an inclination of a leading edge of
the sheet that has the image formed on the
first surface and is detected by the second
sensor, an inclination of a trailing edge of
the sheet that has the image formed on the
first surface and is detected by the second
sensor, and an inclination of a leading edge
of the sheet that has the image formed on
the first surface and is detected by the first
Sensor.

The image forming apparatus according to claim 1,
wherein the image forming means (10) includes a
recording head configured to form animage by eject-
ing ink to the sheet.

The image forming apparatus according to claim 1
or claim 2, wherein the image forming means (10)
includes a photosensitive member, a charging de-
vice configured to charge the photosensitive mem-
ber, an exposure device configured to expose the
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photosensitive member charged by the charging de-
vice, to form an electrostatic latentimage on the pho-
tosensitive member, and a developing device con-
figured to develop the electrostatic latent image on
the photosensitive member using toner.

The image forming apparatus according to any pre-
ceding claim, wherein the controller (9) controls the
orientation control means (2100) to control the ori-
entation of the sheet on which an image is to be
formed on the second surface by the image forming
means (10), based on a difference between an incli-
nation of a leading edge of the sheet that has the
image formed on the first surface and is detected by
the second sensor, and an inclination of a trailing
edge of the sheet that has the image formed on the
first surface and is detected by the second sensor,
and an inclination of a leading edge of the sheet that
has the image formed on the first surface and is de-
tected by the first sensor.

The image forming apparatus according to any of
claims 1 to 4,

wherein the controller (9) determines a target
inclination for a leading edge of the sheet on
which an image is to be formed on the second
surface by the image forming means (10), based
on an inclination of a leading edge of the sheet
that has the image formed on the first surface
and is detected by the second sensor, and an
inclination of a trailing edge of the sheet that has
the image formed on the first surface and is de-
tected by the second sensor, and

wherein the controller (9) controls the orientation
control means (2100) to control the orientation
of the sheet on which an image is to be formed
on the second surface by the image forming
means, based on the target inclination and an
inclination of a leading edge of the sheet that
has the image formed on the first surface.

The image forming apparatus according to any one
of claims 1 to 5, further comprising fixing means
(4000) for fixing the image to the sheet upstream of
the switch-back means in the conveyance direction,
wherein the second sensor is provided between the
image forming means (10) and the fixing means
(4000) in the conveyance direction.

The image forming apparatus according to any one
of claims 1 to 5, further comprising fixing means
(4000) for fixing the image to the sheet upstream of
the switch-back means (4200) in the conveyance di-
rection,

wherein the second sensor is provided between the
fixing means (4000) and the switch-back means
(4200) in the conveyance direction.
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8. The image forming apparatus according to any of

claims 1 to 7,

wherein the orientation control means (2100) in-
cludes a first roller configured to convey the
sheet, a second roller that is provided at a posi-
tion different from that of the first roller in a di-
rection intersecting with the conveyance direc-
tion and configured to convey the sheet, a first
motor to be used to rotate the first roller, and a
second motor to be used to rotate the second
roller, and

wherein the orientation control means (2100)
controls the orientation of the sheet by individ-
ually controlling a rotational speed of the first
motor and a rotational speed of the second mo-
tor.

9. The image forming apparatus according to any of

claims 1to 7,

wherein the orientation control means (2100) in-
cludes a first roller configured to convey the
sheet, a second roller that is provided at a posi-
tion different from that of the first roller in a di-
rection intersecting with the conveyance direc-
tion and configured to convey the sheet, a first
motor to be used to rotate the first roller, and a
second motor to be used to rotate the second
roller, and

wherein the orientation control means (2100)
controls the orientation of the sheet by control-
ling a speed difference between a speed of the
first roller and a speed of the second roller.

10. The image forming apparatus according to claim 1,

further comprising a third sensor configured to detect
an edge portion of the sheet in a width direction or-
thogonal to the conveyance direction while the sheet
is conveyed by the first conveyance means,
wherein the orientation control means (2100) con-
trols a position in the width direction of the sheet
conveyed by the first conveyance means, based on
a detection result of the third sensor.

11. The image forming apparatus according to claim 10,

wherein the second sensor is used to detect an
edge portion of the sheet in the width direction,
and

wherein, in a case where the image forming
means (10) forms an image on the second sur-
face of the sheet, the controller controls a posi-
tion in the width direction of the sheet on which
an image is to be formed on the second surface
by the image forming means (10), based on a
detection result of the edge portion of the sheet
that has the image formed on the first surface
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and is detected by the second sensor, and a
detection result of the edge portion of the sheet
that has the image formed on the first surface
and is detected by the third sensor.

12. The image forming apparatus according to claim 1,

further comprising a third sensor configured to detect
an edge portion of the sheet in a width direction or-
thogonal to the conveyance direction while the sheet
is conveyed by the first conveyance means,

wherein the orientation control means (2100) in-
cludes a first roller configured to convey the
sheet, a second roller that is provided at a posi-
tion different from that of the first roller in a di-
rection intersecting with the conveyance direc-
tion and configured to convey the sheet, a first
motor to be used to rotate the first roller, and a
second motor to be used to rotate the second
roller, and

wherein the orientation control means (2100)
controls a position in a width direction orthogonal
to the conveyance direction of the sheet con-
veyed by the first conveyance means, by con-
trolling a direction in which the first roller and the
second roller convey the sheet, based on a de-
tection result of the third sensor.

13. The image forming apparatus according to any pre-

ceding claim,

wherein the second conveyance means in-
cludes a belt configured to suck the sheet, and
wherein the second conveyance means con-
veys the sheet to the image forming means (10)
while the sheet of which the orientation is con-
trolled by the orientation control means is being
sucked by the belt.

14. The image forming apparatus according to claim 1,

wherein the second sensor is a line sensor con-
figured to read the sheet while the sheet is con-
veyed by the second conveyance means, and

wherein an inclination of a leading edge and an
inclination of a trailing edge of the sheet in the
conveyance direction are detected based on a
read image of the sheet read by the line sensor.

15. The image forming apparatus according to claim 1,

wherein the second sensor acquires a shape of
the sheet while the sheet is conveyed by the
second conveyance means, and

wherein an inclination of a leading edge and an
inclination of a trailing edge of the sheet in the
conveyance direction are detected based on the
shape of the sheet.
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16.

17.

18.

19.

24

The image forming apparatus according to claim 2,
further comprising drying means (3000) for drying
the image on the sheet in the conveyance direction
downstream of a position at which the recording
head forms the image, and

wherein the second sensor detects the sheet at a
position between the recording head and the drying
means in the conveyance direction.

The image forming apparatus according to claim 2,
further comprising fixing means for fixing the image
to the sheetin the conveyance direction downstream
of a position at which the recording head forms the
image, and

wherein the second sensor detects the sheet at a
position between the fixing means and the switch-
back means in the conveyance direction.

The image forming apparatus according to claim 1,
wherein, before an image is formed on the first sur-
face of the sheet by the image forming means (10),
the controller (9) controls the orientation of the sheet
based on an inclination of a leading edge in the con-
veyance direction of the sheet detected by the first
Sensor.

A method for controlling the orientation of a sheet on
which an image is to be formed by an image forming
apparatus, the method comprising:

conveying the sheet via a first conveyancing
means;

forming an image on the sheet conveyed by the
first conveyancing means;

detecting the sheet while the sheet is conveyed
by the first conveyance means via a first sensor,
the first sensor detecting aninclination of a lead-
ing edge of the sheet in a conveyance direction
in which the sheet is conveyed;

conveying the sheet on which an image is
formed via a second conveyance means;
detecting the sheeton which the image is formed
while being conveyed by the second convey-
ance means via a second sensor, the second
sensor being used to detect an inclination of a
leading edge and aninclination of a trailing edge
of the sheet in the conveyance direction;
switching-back the sheet, wherein the sheet is
switched-back downstream of the second sen-
sor in the conveyance direction in which the
sheet is conveyed;

conveying the switched back sheet via a third
conveyance means, the third conveyance
means conveying the switched back sheet to
the first conveyance means in a case where im-
ages are to be formed on both surfaces of the
sheet;
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controlling the second sensor to detect the
sheet after animage is formed on a first sur-
face of the sheet;

controlling the first sensor to detect the
sheet conveyed by the third conveyance 5
means and the first conveyance means;
and

in a case where an image is to be formed on a
second surface of the sheet, controlling the ori- 70
entation of the sheet on which an image is to be
formed on the second surface, based on an in-
clination of a leading edge of the sheet that has

the image formed on the first surface and is de-
tected by the second sensor, an inclination ofa 75
trailing edge of the sheet that has the image
formed on the first surface and is detected by

the second sensor, and an inclination of a lead-

ing edge of the sheet that has the image formed

on the first surface and is detected by the first 20
sensor.

20. A computer program comprising instructions which,
when the program is executed by an image forming
apparatus, cause the image forming apparatus to 25
carry out the method of claim 19.

21. Acomputer-readable data carrier having stored ther-

eon the program of claim 20.
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